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The object of this thesis was to éxtend the 
thesis of Messers, Bains and Colket who, in theirthes| 
of 1896, investigated the tensile strength of 

wrought iron under various temperatures while I 
used machinery steel or steel which ceeak for 
shafting. his steel being only slightly stronger 
in strenght than wrought iron, 

My work was. done on exactly the same lines as 
followed by them; but when the testing was started 
7 -tried to find the commercial elastic A Se 
fhisa being the point at which the beam of the 
machine suddenly drops, But due to the -asbestos 


washers under the nuts which held the specimen 


compressing so that the beam kept dropping, this 


point could not be found, The results were extended, 
however, by breaking a piece with an extensometer, and 


plotting the elastic curve up to the elastic Limit. 


Phis gave some idea of the character of the 


material used and the elastic limit at ordinary 
temperatures. 

The Pyrometer designed by them and illustrated 
in Fig. . was used to Senin the temperature of 


the specimen to be broken. The Pyrometer was made 


of four(4) disks of asbestos held in place by 
six(6) one-eight(4) inch steel rods, threaded their 
full length; the disks of asbestos wike butt in 
place on the rods by two nuts, one on each side oF. 
the disk. In the center of the disks were seven- 
eights(Z) inch holes through which the specimen 
passed. The end disks had rings made of wrought 
iron, around their outer circumference just apie de 
where the rods passed through, and kcal ihe 
inner. hole; while the intermediate disks had rings 
only around the inner holes. 
The wire which was platinum $20 page was strung 
between these disks and is shown in Fig.J by the 


yertioal dotted lines .Another diak was placed above 


ee elicit et 


a 
poe 


oe 
hs 


Fyrome Ter 


ry - 
ic i cnehicnutesko cau A 6. cui aenaceerc a ee 
oS 
oe See ae — — HY as oo eet es, eee ee 
ot 
ee ai 
7 Ree et See ee se 
iE ft th Fl-iF 
hg MP 1 = 


_i-these-disks which was _not—fastened to the—-rods and 
_served to keep the two glass tubes, into which the 


ends of the wire was fastened,in place. Cne (/ )ineh 


above this were two disks, one.of them of the same 


two (A) inches larger. This large one kept the 


_pyrometer in place at the top of the heatersthia 


| 
| 
| 
| 
| 
| 
| 
. 
diameter as the other, while the top one was about 


Jarge disk resting on the top of the magnesia. 
2 e0vering. 


The glass 


oo were brought out through 


the @prnosite side of the disk were two. binding rnosts 
i : & 


which held two heavy 'leads.soldered.toithe, ends of 


the 


platinum wire. 
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* * . CY 
was eight(@ inches and the diameter of the smaller 


(aa) 
& 


rhe 


instrument was fitted with new asbestos 


| 
disks were two and three eights@Q inches, 


_._.._ disks and the wire pestrung béeforeiit—was used, 


Fhe principle of the pyrometer depended on the facl 


| =6hood was placed in (B) and held by wires 


_ that metals increased in resistance with increase 


a) 


_of temperature. This was proved by Mr.Bains to be 


1 news follows ‘atredpht 13 | 
3 <2 » Bo } why . * = ee 
true, also,tie ancrease 10 ows Streigat nes. 


The heater for heating the specimen is shown 


Te 


: : : ; (a) 
in Pig.2 and was mace of two ells and three (3} 


Jencths of pine. A hole being drilled thraugh one 


of the ells to hét the specimen pass through. 


@pace between the ells 
enc the covering this was filled with asbestos 
The hood was mad 


"af sheet iron lLikeca.frustrum of acéone Lined with 


asbestos + the upper end around the opening being 


out inte a number iof pointe . The mnyrometer: was 
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a PY : 4 
around the magnesia covering.The heat was obtainec 


placed in the end marked (#) in the figure while the 
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Hood for Heater. 
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me the stationary table of the machine while the other 


2 fren 8 buncen burner + this burner had three (3) 
_jets for the lower temperatures but these had.to 
_. be increased to five (%) when it was neccessary 
to reach the higher temperatures,.Nb photograph of 
ithe apparatus in the machine was taken but the method 
wae similier to the One used previously by Mr: 
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, F 
di te oe 2 


1896. The machiene' used was a fifty thousand(J5Qo0o0  ) 


pound Olsen Testing Machine. 
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oo _. To prevent the heat being conducted away from 


race 


specimen to the,a special form of specimen and 


n 


method of Holding the same *ére sed. The specimen 


is shown in Fig. ZH while in Pig. [Vis shown the block 


for holding it. One of these blocks was placed on 


was pleced under the @rawhead, The specimen was pass- 
ed through the holes in the blocks and fastened by 
nuts, which wererseparatéd from the blocks by two 


{a3 wesher® one mace of iron and the other of 
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“asbestos board, — 


of the specimen were also covered with 


. .. wes rammed full of asbestos wool, 


of the machine’ kept dpopping which was 


temperatures. by immersing it in 


Se 


the resistance and temperature. 


_through the block was lined with 


was not placed vertically in the machine, 


At the higher temperatures the exposed parts 


some change in the character>of the material, 


The pyrometer was calibrated for the veriou 


preyent radiation to the air. The clearance space 


-fBround the ber, were it passed through the heater, 


Po. _At three hundred(300) degrees and above, the beam 


due either to 


the asbestos washers compressing or else the blocks 


-holding the specimen slipping because the specimen 


__was kept well stirred, the temperature ofithe oil, 


| enone oe 


which was used to measure the tesistance o 


__pyrometer, were taken simultaneously. The resistance 


teeth 


_. of the pyrometer was taken with a Cueen Bridge, 


which was correct to a twentictho@e one percent(%), 


- 


and a D'Arsonval galvanometer, 


Bo pet thé ot). to Aupnivorm temperature’ by 
stirring, the pyrometer was removed and when the 


temperature required was reached it was replaced 


ee Le. to stand a couple ef minutes to allow +3 


to become heated to the temperature of the oil. 
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[) . The results obtained are given in the following table 
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From which the resistance atypO was calculated 


ae 
bridge being correct at oF; 

These results were plotted as shown in curve ye 
From ibis results the curve which was a straight 
line was found to make an ey: S| gee ei q’ 19" 


with the etis of i. 


and 
found to be /6./5 ohms. The following formulae was 
deduced from the relation:- Tan xX = ras 
- 
Nene x Ge ee A Pe 
resistance 


- temperature 


ASE few ((TR- 65°) xo00l 3X Fi $J— 0.15 
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= temperature of pyrometer 


Rzeresistance of bribge.. 


‘Ty temperature of bridgewhich was correct 


at Ea fe 


00013 = temperature coefficient of bridge 
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scale -factor of the 


The pyrometer was 


heater. The burner wa 


readings were take'n .o 


Which was. taken with 


febia 


lower.end stopped wit 


pyrometer and the tem 


re) 
/0./5 = resistance of pyrometer at Oo sed 


divided by one hundred(/@0 )this was necessary to 


Uring the temperature to the right-value: being the 


diagram. 


then placed 


instead of a specimeng @ piece of 
h asbestos was -placed.in the 


S started and 


2 


“ 


| ; ; 
LOG$/ = natural tangent of BT AVG orich was 


in the heater and 


iron pipé with the 


‘simultaneous 


the. resistance-oc-the 


peratuee of the iron pipe, 


a. thermometer 


"‘Ehis was done to test the acéuracy of the 


calibration,the results of which are tabulated in 
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The greatest error rere, indicated is four(#) 


degrees=/QSfso that no great error is introduced 


by taking the calibration curve as correct as this 
3 1g 


error wight have been caused in reading the 


2 
r 


thermometer as it had to be with drawn from the pipe 


to be read. 


fo find mut sonething abowt: the steel used 
in testing two (2) pieces were broken a¥® ordinary, 


temperatures, the extension o° the pieces being 


Xv 
* : to. : + a i> 
measured with an extensometer. pwe,some misvaxc 


when the pieces were cut off one.oft them was exchanged 


for a piece of wrought iron; the results of which 


were discarded. 


Yhe results of the other piece are given in 
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Load no Spm Elongation Elungabin 

7Z/0 | 3490 | 0007 | 00009 
Aft | 6240\ o0/4- | o00l7 
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Hexdmum strength. ibs. per aq, in. = Be 270 


Ultimate stremgth lbs. per sq. in.2 39 /F0 
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Diameter of fracture = 335 
Percentage contraction of area = 56.7 

aby . Paster ces ss ow t 


Toteld clongatiaon = 


Percentage elongation = /A4- 


These results are plotted in curve // 


Which gives an elastic limit” of 40000 lbs .péer sqvin 
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fhe heater was then put in the machine and the 
. : 4 

pyrometer put in place and connected to the bredge. 

The galvanometer used however was not the same as 


used in the calibration, as the jarring due to the 


shafting was found to affect it. In place of 


Rowland galvanometer was used and found sensitive 
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| enough to answer all purposes, two(™)Samson cells 
being used in series to supply the current. 
| ; 
The resistance was chlculated approximately 
a leaving out the temperature corrections the. burner 
was then started and-when the resistance of the 


pypometer nearly reached this resistamee, the burner 


°9 
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was turned low and soon 


oc 


the temperature was c 


constant the piece was broken 


The tengfion being applied with the fast speed 
until near the maximum,then the slow speed was starte 
and continued until the piece broke. 


Bhe results of the tests are given in table 
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al-4 > aT ex + ~ } 

breaking was so strong that seoner-than break-on- the 

turn*portion, the threads were stripvec 
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Loe No ultimate load was found-for Piece al as if 


broke before it was expected and fo reading was 
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These curves show that steel has its maximun, 
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maximum and ultimate strenghts at about £00. The 
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about 30 


temperature. 


No higher temperatures than 


it took almost an entiee day to-getuthe temperature 
a x , 
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up to 960 and a larger burner. would have. been 


_necessary to carry it above this. 


i 2 fe) : ; : 
The pieces at 900 showed a dull red in 
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